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,QWURGXFWLRQ
$JHQWEDVHGPRGHOLQJLVSRWHQWLDOO\XVHIXOLQERWKDQDO\]LQJDQGGHVLJQLQJFRPSOH[V\VWHPV1,27KLVFDSDELOLW\LQ
SDUWVWHPVIURPWKHVWXG\RILQWHUDFWLRQOLQNVEHWZHHQFRPSRQHQWVRIDV\VWHP$Q\OLQNEHWZHHQV\VWHPFRPSRQHQWV
FDQEHFKDUDFWHUL]HGE\DGHJUHHRIGHSHQGHQFHDQGGHJUHHRIFRQWURO,IOLQNVLQDV\VWHPKDYHKLJKGHSHQGHQFH±
WKDWLVWKHSHUIRUPDQFHRIRQHFRPSRQHQWUHOLHVVWURQJO\RQWKHSHUIRUPDQFHRIDQRWKHU±EXWYHU\OLWWOHFRQWURORYHU
WKDW SHUIRUPDQFH WKHQ D V\VWHP WKDW H[KLELWV VXFK FKDUDFWHULVWLFV FDQ EH HIIHFWLYHO\PRGHOHG DV D FROOHFWLRQ RI
LQWHUDFWLQJ DXWRQRPRXV DJHQWV  )RU FRPSOH[ V\VWHPVZKLFK W\SLFDOO\ KDYH D ODUJH QXPEHU RI LQWHUFRQQHFWLRQV
DJHQWEDVHGPRGHOLQJDQGVLPXODWLRQRIIHUVDYLDEOHDSSURDFK7KLVLVHVSHFLDOO\WUXHRIVHOIRUJDQL]LQJV\VWHPVLQ
ZKLFKFRQVWLWXHQWSDUWVKDYHDJUHDWGHDORIORFDODXWRQRP\EXWQRGLUHFWFRQWURORUHYHQNQRZOHGJHRIRYHUDOOV\VWHP
EHKDYLRU
,WLVLPSRUWDQWWRQRWHWKDWKXPDQVDQGRWKHUHQWLWLHVWKDWFRQVWLWXWHWKHV\VWHP¶VHQYLURQPHQWFDQDOVREHPRGHOHG
DV DJHQWV3 WKHUHE\ HQDEOLQJ DQDO\VLV RI WKH FRPSOH[ IHHGEDFN ORRSV WKDW FRQQHFW V\VWHP SHUIRUPDQFH DQG XVHU
EHKDYLRU4,QWKHVHLQVWDQFHVLWLVQRWSRVVLEOHWRGHULYHVPRRWKDQDO\WLFDOIXQFWLRQVIRUV\VWHPEHKDYLRUH[FHSWIRU
KLJKO\VLPSOLILHGUHSUHVHQWDWLRQVRIVXFKV\VWHPV$JHQWEDVHGPRGHOLQJDQGVLPXODWLRQSRWHQWLDOO\SURYLGHDZD\WR
RYHUFRPHWKLVFKDOOHQJHDQGPDNHWKHDQDO\VLVPRUHWUDFWDEOH)RUH[DPSOHWKHHUUDWLFEHKDYLRURIXQWUDLQHGXVHUV
$,VWDQGLQVIRUWUDLQHGRSHUDWRUVDQGGHFLVLRQPDNLQJSURFHVVHVRIFRQVXPHUVFDQDOOEHPRGHOHGDVDJHQWVZRUNLQJ
withDQGwithinWKHFRPSOH[V\VWHP4.
7KHGDWDJHQHUDWHGE\DJHQWEDVHGVLPXODWLRQVFDQSRWHQWLDOO\SURYLGHXVHIXOLQVLJKWVDERXWWKHEHKDYLRURIWKH
V\VWHP DQG XQFRYHU KLGGHQ LQWHUDFWLRQV LQFOXGLQJ WKRVH WKDW OHDG WR XQLQWHQGHG FRQVHTXHQFHV +LJKHURUGHU
LQWHUDFWLRQVRIDJHQWVQRWDSSDUHQWLQDQREMHFWGLDJUDPFDQEHFRPHDSSDUHQWLQDVLPXODWLRQDVWKHLQGLUHFWHIIHFWV
RIDJHQWDJHQWLQWHUDFWLRQVSURSDJDWHWKURXJKWKHV\VWHPLQDWLPHVFDOHWKDWHQJLQHHUVFDQXQGHUVWDQGDQGWUDFN7KLV
DSSURDFK FDQ EH KHOSIXO IRU LQIOXHQFLQJ WKH ³GHVLJQ RI HPHUJHQFH´ E\ V\VWHPV HQJLQHHUV LQWHUHVWHG LQ VKDSLQJ
LQWHUDFWLRQVDPRQJFRPSOH[V\VWHPHOHPHQWVWRDFKLHYHLQWHQGHGV\VWHPOHYHOJRDOV
7KHUHVXOWVIURPVXFKVLPXODWLRQVIRUYDULRXV³ZKDWLI´FRQGLWLRQVRUSDUDPHWHUFKDQJHVFDQEHFRPELQHGZLWK
SRZHUIXO RSWLPL]DWLRQ PHWKRGV WR H[SORUH WKH GHVLJQ WUDGH VSDFH XQGHU WKH FRQWURO RI V\VWHPV HQJLQHHUV 7KLV
H[SORUDWLRQDOORZVIRUDPRUHGHWDLOHGHODERUDWLRQRIWKHWUDGHVSDFHDQGXQFRYHULQJRILQWHUHVWLQJEHKDYLRUVWKDWFDQ
OHDGWRDVNLQJGHHSHUTXHVWLRQV7KLVSDSHULOOXVWUDWHVDJHQWEDVHGDSSURDFKHVWRV\VWHPVHQJLQHHULQJZLWKWKHKHOSRI
WZR VLPSOH FDVH VWXGLHV 7KH ILUVW SDLUV DJHQWEDVHGPRGHOLQJ ZLWK D JHQHWLF DOJRULWKP LQ WKH GHVLJQ RI D VHOI
RUJDQL]LQJV\VWHP7KHVHFRQGUHOLHVRQYLUWXDOXVHUVPRGHOHGDVDJHQWVLQWKHVLPXODWLRQDQGGHVLJQRIDQLQWHULRU
OD\RXW 7KH UHVHDUFK UHSRUWHG LQ WKLV SDSHU LV DSSOLFDEOH WR 6\VWHPV (QJLQHHULQJ 6( DQG'HVLJQ ,W UHVWV RQ D
WKHRUHWLFDOEDVHRIWKUHHSULPDU\GRPDLQVFRPSOH[LW\WKHRU\DJHQWEDVHGPRGHOLQJDQGVLPXODWLRQRSWLPL]DWLRQ
7KLVSDSHULVRUJDQL]HGDVIROORZV6HFWLRQSUHVHQWVWKHURDGWRWKHSUHVHQWLQDJHQWEDVHGPRGHOLQJLQUHODWLRQ
WRV\VWHPVHQJLQHHULQJDQGGHVLJQ6HFWLRQSUHVHQWVLQQRYDWLYHDSSURDFKHVWRDJHQWEDVHGPRGHOLQJDQGWZRFDVH
VWXGLHVWKDWH[SORLWWKHVHPHWKRGVLQV\VWHPVGHVLJQ6HFWLRQSUHVHQWVILQGLQJVDQGLPSOLFDWLRQVIRUIXWXUHUHVHDUFK
5RDGWRWKH3UHVHQW
&RPSOH[ V\VWHPV DUH V\VWHPV FRPSRVHG RI SDUWVZKRVHPDQ\ LQWHUDFWLRQV DUH GLIILFXOW WR DQDO\]H5 ,Q KLJKO\
LQWHUGHSHQGHQW V\VWHPV WKH QXPEHU RI UHODWLRQVKLSV DPRQJ FRPSRQHQWV ULVHV QRQOLQHDUO\ ZLWK WKH QXPEHU RI
FRPSRQHQWVDQGWKXVWKHDQDO\VLVRIWKHVHUHODWLRQVKLSVFDQEHFRPHXQPDQDJHDEOHZLWKLQFUHDVLQJV\VWHPVL]HDQG
GHSHQGHQFLHVDQGLQWHUDFWLRQVDPRQJVXEV\VWHPV,WLVGLIILFXOWWREUHDNGRZQRUSDUWLWLRQDV\VWHPLQWRPDQDJHDEOH
SDUWVIRUDQDO\VLVLIWKHUHLVQRQDWXUDOFOXVWHULQJDQGPRGXODULW\+LJKHURUGHULQWHUDFWLRQVPD\QRWEHDSSDUHQWIURP
PDWKHPDWLFDOFDOFXODWLRQVRIV\VWHPSHUIRUPDQFHDQGHUURUVIURPGLYHUVHVXEV\VWHPVRIWKHV\VWHPFDQSURSDJDWH
WKURXJKRXW WKHV\VWHP6)URPDGHVLJQSHUVSHFWLYH LW LV LPSRUWDQW WRPLQLPL]H WKHQXPEHURI LQWHUDFWLRQVDPRQJ
V\VWHPFRPSRQHQWV7+RZHYHULQFUHDVLQJO\FXVWRPHUVHVSHFLDOO\'R'FXVWRPHUVGHPDQGDGDSWDEOHDQGUHVLOLHQW
V\VWHPV87KHVHUHTXLUHPHQWVLQHYLWDEO\LQWURGXFHFRPSOH[LW\LQWKHV\VWHPEHLQJHQJLQHHUHG,QVXFKFDVHVV\VWHPV
HQJLQHHUV DQGGHVLJQHUVQHHG WR H[SORUH DOWHUQDWHGHVLJQ DSSURDFKHV DQG VWUDWHJLHV9$JHQWEDVHGPRGHOLQJ LV DQ
DSSURSULDWHDSSURDFKLQWKLVFLUFXPVWDQFH
$QDJHQWLVDGLVFUHWHVLWXDWHGDXWRQRPRXVHQWLW\10$VLPXODWLRQEDVHGRQDFROOHFWLRQRIDJHQWVLVFDOOHGDPXOWL
DJHQWVLPXODWLRQ)RUDV\VWHPWREHWUXO\multiDJHQWLWLVQHFHVVDU\WRUHVWULFWDJHQWV¶NQRZOHGJH117KHUHIRUHLQ
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PRVWVLPXODWLRQVDJHQWVDUHDVVXPHGWRKDYHNQRZOHGJHRIRQO\WKHLURZQLQWHUQDOVWDWHFHUWDLQH[WHUQDOVLJQDOVIURP
RWKHU DJHQWV DQG WKHLU ORFDO HQYLURQPHQW0DQ\ FRPSOH[ V\VWHPV FDQ EH VWXGLHG XVLQJPXOWLDJHQW VLPXODWLRQV
EHFDXVHWKH\RIIHUDQHIIHFWLYHDSSURDFKIRUPRGHOLQJLQWHUDFWLRQV$JHQWEDVHGPRGHOLQJKDVEHHQXVHGWRVWXG\D
GLYHUVHUDQJHRIV\VWHPVDQGSKHQRPHQDLQFOXGLQJIORFNVVFKRROVDQGFURZGV12,13PHFKDQLFDOGHVLJQWHDPV14URERW
VZDUPV15DQGHYHQWKHULVHDQGIDOORIFLYLOL]DWLRQV16WRQDPHMXVWDIHZ$JHQWEDVHGPRGHOLQJLVXVHIXOZKHQWKH
LQWHUDFWLRQVEHWZHHQV\VWHPFRPSRQHQWVDUHFRPSOH[RUQRQOLQHDUZKHQWKHSRSXODWLRQLVKHWHURJHQHRXVZKHQWKH
WRSRORJ\RILQWHUDFWLRQVLVKHWHURJHQHRXVDQGFRPSOH[DQGZKHQDJHQWVH[KLELWOHDUQLQJDQGDGDSWDWLRQ17
7KHDELOLW\WRFRPELQHVLPXODWLRQDSSURDFKHVDQGRSWLPL]DWLRQWHFKQLTXHVKDVEHFRPHSRVVLEOHGXHWRWKHGUDPDWLF
LQFUHDVHLQFRPSXWLQJSRZHULQUHFHQW\HDUV18%HFDXVHWKHUHPD\EHPXOWLSOHYDULDEOHVWRRSWLPL]HDQGWKHRXWSXWV
PD\KDYHKLJKO\QRQOLQHDUUHODWLRQVKLSVZLWKWKHLQSXWWKHVLPXODWLRQHQYLURQPHQWSUHVHQWVFKDOOHQJHVWRWKHV\VWHP
GHVLJQHU WKDW DUH GLVWLQFW IURP WKRVH WKDW FRQIURQW VWDQGDUG RSWLPL]DWLRQPHWKRGV19 7R FRPEDW WKLV FRPSOH[LW\
DGYDQFHGRSWLPL]DWLRQWHFKQLTXHVVXFKDVJHQHWLFDOJRULWKPVVLPXODWHGDQQHDOLQJDQGDUWLILFLDOQHXUDOQHWZRUNVDUH
RIWHQXVHG207KHVHRSWLPL]DWLRQWHFKQLTXHVWHQGWRUHO\RQSRSXODWLRQEDVHGUDWKHUWKDQSRLQWEDVHGDSSURDFKHV
7KH\VWRFKDVWLFDOO\H[SORUHUHPRWHDUHDVRIWKHVHDUFKVSDFHWRDYRLGEHLQJWUDSSHGLQORFDORSWLPD
&DVH6WXGLHV
7ZRFDVHVWXGLHVRIDJHQWEDVHGPRGHOLQJIRUGHVLJQDQGDQDO\VLVRIFRPSOH[V\VWHPVDUHSUHVHQWHGQH[W7KHILUVW
LVFRQFHUQHGZLWKWKHGHVLJQRIDVHOIRUJDQL]LQJFRPSOH[V\VWHPZKHUHWKHV\VWHPLVPRGHOHGDVDFROOHFWLRQRI
DJHQWV7KHVHFRQGLVFRQFHUQHGZLWKWKHGHVLJQDQGDQDO\VLVRIDVHDWLQJOD\RXWZKHUHWKHXVHUVWKHFXVWRPHUVRI
WKHV\VWHPDUHPRGHOHGDVDJHQWV
3.1. Self-organizing transport convoy 
7KHV\VWHPRILQWHUHVWLQWKLVFDVHVWXG\LVDVHOIRUJDQL]LQJSURWHFWLYHFRQYR\PRGHOHGDVDVHWRIDJHQWV6HOI
RUJDQL]LQJV\VWHPVUHDOL]HWKHLUIXQFWLRQDOLW\WKURXJKLQWHUDFWLRQVRIPXOWLSOHDJHQWVZLWKOLPLWHGDZDUHQHVVRIWKH
JOREDOVWDWHDQGZLWKSULPDU\IRFXVRQDORFDOGHWHFWLRQUDGLXV3UHOLPLQDU\DSSOLFDWLRQVKDYHXVHGVXFKV\VWHPVWR
JDWKHU REMHFWV LQWR D VLQJOH ORFDWLRQ21,22 FRQVWUXFW VLPSOH SDWWHUQV23 DQG FRRSHUDWLYHO\PRYH ODUJHU REMHFWV24 ,Q
FRPSXWHUVLPXODWLRQVUHVHDUFKHUVKDYHGHPRQVWUDWHGWKHIHDVLELOLW\RIVHOIDVVHPEO\LQGLVSHUVLRQGRPLQDWHGV\VWHPV
RI SDUWLFOHV25 DGDSWLYH IORFNLQJ26 VKDSH IRUPDWLRQ27,28 DQG FDQFHUILJKWLQJ PLFURVFDOH URERW VZDUPV29 6HOI
RUJDQL]LQJV\VWHPVWUDGHHIILFLHQF\IRUDGDSWDELOLW\+RZHYHUWKHUHDUHVRPHWDVNVVXFKDVDXWRPDWHGDVVHPEO\OLQHV
ZKHUH WKH JDLQ LQ DGDSWDELOLW\ FDQQRW EH MXVWLILHG EDVHG RQ WKH HFRQRPLF FRVWV LQ HIILFLHQF\30 1RQHWKHOHVV LQ
DSSOLFDWLRQVZKHUHHQJLQHHUVDUHZLOOLQJWRPDNHWKHVHVDFULILFHVIRUJDLQVLQDGDSWDELOLW\VHOIRUJDQL]DWLRQFDQEHD
YLDEOH FKRLFH([DPSOHV RI VXFK GRPDLQV DUH GLVDVWHU UHOLHI H[SORUDWLRQ RI KDUVK HQYLURQPHQWV DQG D YDULHW\ RI
GHIHQVHV\VWHPV
,QWKLVFDVHVWXG\ZHDUHLQWHUHVWHGLQRSWLPL]LQJWKHEHKDYLRUDOUXOHVIRUDVHOIRUJDQL]LQJSURWHFWLYHFRQYR\,Q
WKLVVFHQDULRWKHUHLVVORZPRYLQJLPSRUWDQWFDUJRWKDWPXVWEHWUDQVSRUWHGDFURVVDILHOGZKLOHEXOOHWVDUHILUHGLQ
DQDWWHPSWWRGHVWUR\WKHFDUJRDQGSURWHFWRUVDWWHPSWWREORFNWKHDWWDFNHUV7KLVVLPSOHH[DPSOHLVUHSUHVHQWDWLYH
RIVHYHUDOUHDOZRUOGSUREOHPVVXFKDVDEDUJHEHLQJWUDQVSRUWHGDFURVVWKHRFHDQZKLOHXQGHUDWWDFNE\WRUSHGRHV
ZLWK D VKLHOG RI VPDOOHU YHVVHOV LQWHUFHSWLQJ WKH WRUSHGRHV 6XFK D V\VWHP ZRXOG EH FRQVWDQWO\ FKDQJLQJ DQG
GHWHULRUDWLQJDVWKHSURWHFWRUVDEVRUEGDPDJHIURPWKHWRUSHGRHV7KXVWKLVV\VWHPQHHGVWREHUHVLOLHQW'HVLJQLQJ
SURWHFWRUVDVDVHOIRUJDQL]LQJV\VWHPLVDYLDEOHPHDQVWRDFKLHYLQJWKLVUHVLOLHQFH
7KHSURWHFWRUKDUGZDUHLVDVVXPHGWREHIL[HGDQGWKHEHKDYLRURIWKHFDUJRDQGEXOOHWVDUHWUHDWHGDVDJLYHQ
7KXVWKHGRPDLQRIWKHV\VWHPGHVLJQHULVGHILQHGE\WKHUXOHVRILQWHUDFWLRQDPRQJWKHSURWHFWRUV7KHSURWHFWRUV
DUHPRGHOHGDVHQWLWLHVZLWKOLPLWHGVHQVRU\FDSDELOLW\7KH\FDQRQO\VHQVHEXOOHWVDQGRWKHUSURWHFWRUVRQWKHLUVLGH
RIWKHFDUJR7KHSURWHFWRUVPRYHDWWZLFHWKHVSHHGRIWKHFDUJRZKLOHWKHEXOOHWVPRYHDWWKUHHWLPHVWKHVSHHGRI
WKHFDUJR
:LWKSURWHFWRUVDQGXSWREXOOHWVRQWKHILHOGDWRQHWLPHWKHLQWHUDFWLRQVEHFRPHPXFKWRRXQZLHOG\DQG
FRPSOH[WRKDQGOHDQDO\WLFDOO\DQGWXQLQJSDUDPHWHUVEHFRPHVTXLWHGLIILFXOW7KHUHIRUHZHRSWLPL]HGWKHVLPXODWLRQ
XVLQJDJHQHWLF DOJRULWKP *$*$31,32 LVDKHXULVWLFSDUWLDOO\ VWRFKDVWLFRSWLPL]DWLRQDOJRULWKP WKDW VHOHFWV DQG
UHFRPELQHVSDUWLDOVROXWLRQVIURPDSRSXODWLRQRIFDQGLGDWHVZLWKDSUREDELOLW\SURSRUWLRQDOWRWKHLUVFRUHRQDILWQHVV
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IXQFWLRQ:HHPSOR\HG*$LQWKLVFDVHVWXG\EHFDXVH*$VDUHHIIHFWLYHIRUQRQOLQHDURSWLPL]DWLRQWDVNVDQGKDYH
EHHQVKRZQWREHVXFFHVVIXOLQVLPLODUVWXGLHV24,33,34
7KHVLPXODWLRQHQYLURQPHQWXVHGLQWKLVFDVHVWXG\LV1HW/RJR35DQRSHQVRXUFHPXOWLDJHQWPRGHOLQJVRIWZDUH
7KHRSWLPL]DWLRQDOJRULWKPLVD*$ZULWWHQLQ-DYDWKDWFDQFRQWURO1HW/RJRWKURXJKLWV$3,,WWUHDWVWKHVLPXODWLRQ
DVDEODFNER[SURYLGLQJGHVLJQYDULDEOHVDVLQSXWVDQGUHFHLYLQJJOREDOSHUIRUPDQFHPHDVXUHVWRPHDVXUHILWQHVV
)LJXUHVKRZVWKHNH\HOHPHQWVRIWKHVLPXODWLRQ$ODUJHEOXHVKLSLQWKHPLGGOHUHSUHVHQWVWKHFDUJR7KHFDUJRLV
VXUURXQGHGE\SURWHFWRUV&LUFXODUEXOOHWVDWWDFNWKHFDUJRIURPYDULRXVGLUHFWLRQV,IDEXOOHWUHDFKHVWKHFDUJRLWLV
UHFRUGHGDVDKLW,IDEXOOHWLVLQWHUFHSWHGE\DSURWHFWRUWKHEXOOHWLVQHXWUDOL]HGDQGWKHSURWHFWRUVXVWDLQVVRPH
GDPDJH3URWHFWRUVFDQDEVRUEXSWRKLWVEHIRUHWKH\EUHDNGRZQ$VWKHFDUJRFURVVHVWKHILHOGEXOOHWVDUHILUHG
LQWRWDODQGZLWKSURWHFWRUVSURWHFWLQJWKHFDUJRDSHUIHFWVWUDWHJ\FRXOGEORFNDOOEXOOHWV


)LJXUH&DUJRSURWHFWRUVDQGEXOOHWV
7KHDJHQWVFDOFXODWH³ILHOGV´RI LQIOXHQFHDURXQG WKHFDUJRRWKHUSURWHFWRUVDQG WKHEXOOHWVDQGUHDFWDWHDFK
WLPHVWHS367KHSURWHFWRUVRQO\FRQVLGHUWKHEXOOHWVDQGRWKHUSURWHFWRUVWKDWDUHRQWKHVDPHVLGHRIWKHVKLSDVWKH\
DUH7KXVWKHVWLPXOLLQWKHLUGHWHFWLRQQHLJKERUKRRGFDQEHH[SHFWHGWRFKDQJHWKURXJKRXWWKHVLPXODWLRQ7KHGHVLUHG
EHKDYLRULVWRVWHSWRWKHSRLQWZLWKLQWKHPD[LPXPVWHSVL]HWKDWKDVWKHKLJKHVWILHOGYDOXH7KHILHOGIXQFWLRQLV
GHILQHGDV
݂ሺݔǡ ݕሻ ൌ
௪೛
ே
σ ௣೔
௣೏
ே
௜ୀଵ ൅ ݓ௖
௖
௖೏
൅ ݓ௕ܿ݋ݏሺߙሻ   

:KHUH݌௜LVWKHGLVWDQFHIURPWKHSRLQWWRRQHSURWHFWRULQWKHDJHQW¶VQHLJKERUKRRGDQGWKHVXPPDWLRQLVFDUULHG
RXWIRUDOOܰSURWHFWRUVLQWKHDJHQW¶VQHLJKERUKRRGܿLVWKHGLVWDQFHIURPWKHSRLQWWRWKHFDUJRDQGߙLVWKHDQJOH
IRUPHGE\WKHSRLQWWKHDJHQWDQGWKHQHDUHVWEXOOHW7KHGHVLJQYDULDEOHVDUHWKHGHVLUHGGLVWDQFHVWRWKHSURWHFWRUV
DQGFDUJR݌ௗDQGܿௗUHVSHFWLYHO\DQGWKHUHODWLYHZHLJKWVݓ௣ݓ௖DQGݓ௕RIWKHWKUHHWHUPVLQWKHHTXDWLRQ(DFK
DJHQWDSSOLHV(TXDWLRQLQSDUDOOHODWHDFKWLPHVWHSLQWKHVLPXODWLRQ
7KH*$RSHUDWHVRQWKHGHVLJQYDULDEOHV7KHGHVLUHGGLVWDQFHVDUHDOORZHGWRYDU\IURPWRXQLWVDQGWKH
UHODWLYHZHLJKWVDUHDOORZHGWRYDU\IURPWR)LJXUHVKRZVWKHHYROXWLRQRIILWQHVVDVWKH*$RSHUDWHGRQD
SRSXODWLRQRIFDQGLGDWHVIRUJHQHUDWLRQV7KHILWQHVVDWWKHHQGRIDVLPXODWLRQUXQLVWKHSHUFHQWDJHRIEXOOHWV
EORFNHGDVWKHFDUJRFURVVHVWKHILHOG

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
)LJXUH)LWQHVVHYROXWLRQDFURVV*$JHQHUDWLRQV
7KHRSWLPL]HGGHVLJQLVWDNHQWREHWKHEHVWSHUIRUPLQJVHWRIGHVLJQYDULDEOHVLQWKHODVWJHQHUDWLRQ7KHRSWLPL]HG
YDULDEOHVDUHJLYHQLQ7DEOH
7DEOH2SWLPL]HGFRQYR\GHVLJQYDULDEOHV
'HVLJQ9DULDEOH 2SWLPL]HG9DOXH
݌ௗ 23.86
ܿௗ 3.212
ݓ௣ 3.030
ݓ௖ 3.491
ݓ௕ 0.05897

5HSHDWHG*$UXQVJDYHTXDOLWDWLYHO\VLPLODUUHVXOWV7KHVLPXODWLRQHQYLURQPHQW1HW/RJRLVSDUWLDOO\VWRFKDVWLF
ZLWKUHJDUGWRDJHQWVWHSSLQJRUGHUVDQGFKRRVLQJDPRQJHTXDORSWLRQVVRWKLVV\VWHPZDVUHWHVWHGIRUUHOLDELOLW\
7KURXJKUHSHDWHGWHVWV LWEORFNHGRQDYHUDJHRI LQFRPLQJEXOOHWV7RLOOXVWUDWH WKHV\VWHP¶VEHKDYLRU
)LJXUH  VKRZV D VFUHHQVKRW RI WKLV V\VWHP IURP WKHPLGSRLQW RI WKH FDUJR¶V WULS DIWHU  SURWHFWRUV KDYH EHHQ
GHVWUR\HGDQGWKHFDUJRKDVVXVWDLQHGRQHKLW
%\XVLQJGHIHQVHUHVRXUFHVWKHV\VWHPZDVDEOHWRSURWHFWWKHFDUJRIURPDOPRVWRILWVWKUHDWV7KHVWUDWHJ\
HYROYHGZDVIRUHDFKSURWHFWRUWRKHZFORVHO\WRWKHFDUJRWRHVWDEOLVKDWLJKWSHULPHWHUZLWKDQHTXLOLEULXPGLVWDQFH
RI  LV WKHPLQLPXP WR DYRLG FROOLVLRQV WR WKHFDUJR DQG WR IRFXV V\VWHP UHVRXUFHVRQPDLQWDLQLQJ DQ
HTXLOLEULXPGLVWDQFHIURPWKHFDUJRDQGRWKHUSURWHFWRUV7KHUHODWLYHZHLJKWRIWKHILHOGJHQHUDWHGE\EXOOHWVZDV
ZHDNOHVVWKDQRIWKHZHLJKWSODFHGRQPDLQWDLQLQJHTXLOLEULXPGLVWDQFHV,QFUHDVHGSDUDPHWHUYDOXHVIRUWKH
EXOOHWILHOGLQHDUOLHU*$JHQHUDWLRQVDFWXDOO\FDXVHGWKHSURWHFWRUVWRFKDVHEXOOHWVDQGEUHDNWKHLUIRUPDWLRQOHWWLQJ
RWKHUEXOOHWVWKURXJKWKHJDSV,QWKLVFDVHRYHUDJJUHVVLYHQHVVFDXVHGV\VWHPYXOQHUDELOLWLHVDQGWKH*$VHOHFWHG
IRUPRUHFRQVHUYDWLYHGHIHQVLYH VWUDWHJLHV7KLV LV DQH[SORUDWLRQRI DFRPPRQ WUDGHRIIEHWZHHQDJJUHVVLRQDQG
GLVFLSOLQH$VWXG\RIWKH*$¶VHDUO\JHQHUDWLRQVXQFRYHUHGRWKHUGHVLJQVZLWKYDU\LQJGHJUHHVRIVXFFHVVVXFKDV
ZLGHUSHULPHWHUVDQGWUDLOLQJFUHVFHQWIRUPDWLRQVDQGVHYHUDOSODLQO\XQVXFFHVVIXOSDUDPHWHUFRPELQDWLRQVWKDWOHG
WRLPPHGLDWHFROODSVHRIWKHSURWHFWRUVDQGDEDQGRQPHQWRIWKHFDUJR%\XVLQJWKHGHVLJQSDUDPHWHUVRIVXFFHVVIXO
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ODWHUJHQHUDWLRQ UXQV WKHSURWHFWRUVZHUHDEOH WRDFKLHYHDV\VWHPOHYHOJRDORISURWHFWLQJ WKHFDUJRZKLOHVROHO\
IRFXVLQJRQPD[LPL]LQJDORFDOXWLOLW\IXQFWLRQDWHDFKWLPHVWHS


)LJXUH6LPXODWLRQRIHYROYHGGHVLJQYDULDEOHV127(SURWHFWRUVDQGEXOOHWVHQODUJHG
3.2. Interior Layout Design 
7KLVFDVHVWXG\SUHVHQWVDQRWKHUNH\SURSHUW\RIDJHQWEDVHGPRGHOLQJWKHDELOLW\WRPRGHOXVHUVDQGFXVWRPHUV
DVDJHQWV7KLVFDVHVWXG\UHFRJQL]HVWKDWLWLVQRWSRVVLEOHWRSOHDVHHYHU\FRQVXPHUZLWKDVLQJOHV\VWHPGHVLJQ
7KHUHIRUH PDUNHWLQJ SHUVRQQHO W\SLFDOO\ WDUJHW D SDUWLFXODU GHPRJUDSKLF DQG WDLORU WKH GHVLJQ WRZDUG WKDW
GHPRJUDSKLFRUHOLFLWFXVWRPHUGHVLUHVXVLQJVXUYH\VDQGIRFXVJURXSV7KHUHDUHVHYHUDOWHFKQLTXHVIRULQWHJUDWLQJ
GLYHUVH FXVWRPHU GHVLUHV VXFK DV WKH 4XDOLW\ )XQFWLRQ 'HSOR\PHQW DQG +RXVH RI 4XDOLW\37 KRZHYHU WKHVH
DSSURDFKHV FDQ SURGXFH PLVOHDGLQJ UHVXOWV $OVR WKH\ DUH WKHRUHWLFDOO\ XQVRXQG IRU XVHV RWKHU WKDQ TXDOLWDWLYH
JXLGDQFHDWWKHFRQFHSWXDOGHVLJQVWDJH38,39,QDQDJHQWEDVHGDSSURDFKFRQVXPHUVFDQEHPRGHOHGDVDJHQWVWKDWFDQ
LQWHUDFWZLWKWKHGHVLJQ7KHLUGLYHUVLW\FDQEHFDSWXUHGWKURXJKGLVWULEXWLRQVRISDUDPHWHUYDOXHVWKDWYDU\WKURXJKRXW
WKHSRSXODWLRQ7KXVWKHLUSUHIHUHQFHVGRQRWQHHGWREHDJJUHJDWHGWRVHWGHVLJQWDUJHWVEXWFDQEHVLPXODWHGVRWKDW
GHVLJQDOWHUQDWLYHVFDQEHYLUWXDOO\WHVWHGWRPHDVXUHWKHHPHUJHQWVDWLVIDFWLRQRIXVHUV
+HUHZHLQWURGXFHWKHGHVLJQRIDVHDWLQJOD\RXWZKHUHFXVWRPHUVDUHDOORZHGWRFKRRVHWKHLUVHDWDQGWKHLURYHUDOO
H[SHULHQFHGHWHUPLQHVWKHLUVDWLVIDFWLRQZKHQOHDYLQJWKHEXLOGLQJ,QSUDFWLFHLWPD\EHYHU\GLIILFXOWWRPRGHOD
XVHU¶VVDWLVIDFWLRQEXWE\DSSOLFDWLRQRIPLFURHFRQRPLFWKHRU\REVHUYDWLRQVTXHVWLRQQDLUHVDQGLQWHUYLHZVURXJK
HVWLPDWHVFDQEHIRUPHG40,QWKHGRPDLQRIVSRUWVVWDGLXPGHVLJQJXLGHOLQHVH[LVWIRUFKRRVLQJWKHVHDWLQJFDSDFLW\
EDVHG RQ ORFDO VRFLRHFRQRPLF IDFWRUV DQG WKH DUUDQJHPHQW EDVHG RQ VSHFWDWRU VLJKWOLQHV41:LWK DQ DJHQWEDVHG
DSSURDFKLWLVSRWHQWLDOO\SRVVLEOHWRDOVRHYDOXDWHWKHVHDQGRWKHUGHVLJQFKRLFHVZLWKUHJDUGWRVSHFWDWRUVRFLDOGHVLUHV
DVZHOO
)RUWKLVH[DPSOHZHDVVXPHWKDWFXVWRPHUVKDYHILYHPDLQSUHIHUHQFHV
x *URXSVRIFXVWRPHUVIULHQGVSUHIHUWRVLWWRJHWKHU
x &XVWRPHUVSUHIHUQRWWRVLWGLUHFWO\QH[WWRRWKHUFXVWRPHUVRXWVLGHWKHLUJURXSVWUDQJHUV
x &XVWRPHUVSUHIHUDQXQREVWUXFWHGYLHZRIWKHVWDJH
x &XVWRPHUVSUHIHUWRVLWFORVHUWRWKHVWDJH
x &XVWRPHUVSUHIHUWRVLWDORQJWKHFHQWHUOLQHRIWKHVWDJH

7KHVHSUHIHUHQFHVFDQEHURXJKO\REVHUYHGLQDQ\VLWXDWLRQZKHUHWKHUHLVRSHQVHDWLQJWRYLHZDSHUIRUPDQFHHJ
DPRYLHRUDVSRUWVHYHQW
7KH VHDWLQJ VHFWLRQ XQGHU FRQVLGHUDWLRQQHHGV WR EH EXLOW DURXQG WZR H[LVWLQJ ORDGEHDULQJ FROXPQV WKDWPD\
REVWUXFW WKH YLHZ RI WKH DXGLHQFH 7KH FXVWRPHUV¶ VDWLVIDFWLRQ WKHQ GHSHQGV RQ WKHLU SUR[LPLW\ WR WKH VWDJH WKH
FXVWRPHUVVLWWLQJQH[WWRWKHPDQGZKHWKHURUQRWWKHFROXPQVREVWUXFWWKHLUYLHZ7KHUHDUHDWRWDORIVHDWVZLWK
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URRPOHIWIRUDLVOHV7KHV\VWHPVHQJLQHHUQHHGVWRFKRRVHEHWZHHQWZRFDQGLGDWHGHVLJQV2QHGHVLJQDOWHUQDWLYH
OHDYHVWKHFHQWHURIWKHVHDWLQJDUHDHPSW\IRUDLVOHVZKLOHWKHRWKHUGHVLJQDOWHUQDWLYHSODFHVDLVOHVRQWKHVLGHV


)LJXUH/D\RXWRSWLRQVPLGGOHDLVOHOHIWDQGVLGHDLVOHULJKW
7DEOH$FRPSDULVRQRIWKHWZRGHVLJQDOWHUQDWLYHV
 0LGGOHDLVOHGHVLJQ 6LGHDLVOHGHVLJQ
1XPEHURI6HDWV  
1XPEHURI2EVWUXFWHG6HDWV  
1XPEHURI(GJH6HDWV  
/DUJHVW*URXSRI6HDWV  
6PDOOHVW*URXSRI6HDWV  

7KHVLGHDLVOHOD\RXWSURYLGHVWKHPRVWXQREVWUXFWHGVHDWLQJDQGWKHPRVWVHDWLQJQHDUWKHFHQWHUOLQHRIWKHVWDJH
7KHPLGGOHDLVOHOD\RXWKDVPRUHHGJHVHDWVJLYLQJDORZHUOLNHOLKRRGWKDWDFXVWRPHUZRXOGKDYHWRVLWE\VWUDQJHUV
,WDOVRFDQDFFRPPRGDWHPRUHPLGVL]HGJURXSVDVLWVVHDWVHWVDUHDOOEHWZHHQVHDWVUDWKHUWKDQYDU\LQJIURP
VHDWVDVLQWKHFDVHRIWKHVLGHDLVOHFRQILJXUDWLRQ
,QRXUVLPXODWLRQDJURXSRIFXVWRPHUVHQWHUVWKHYHQXHDQGILQGVVHDWVDWHDFKWLPHVWHS7RVHOHFWWKHLUVHDWVWKH
JURXS¶VOHDGHUILUVWILQGVDJURXSRIVHDWVLIDQ\ODUJHHQRXJKIRUKLVHQWLUHJURXSWRVLWWRJHWKHU7KHOHDGHUWKHQ
FKRRVHV WKHPRVWGHVLUDEOHRI WKHVHVHDWVIRUKLPVHOI7KHQH[WJURXSPHPEHUVLWV LQ WKHQH[WPRVWGHVLUDEOHVHDW
DGMDFHQWWRWKHOHDGHUDQGVRRQXQWLODOODUHVHDWHG,IWKHUHDUHQRJURXSVRIVHDWVODUJHHQRXJKIRUWKHZKROHJURXS
RIIULHQGVWKHOHDGHUZLOOVHOHFWWKHODUJHVWVHDWJURXSDYDLODEOHIRUDVXEVHWRIWKHJURXSZKLOHVHYHUDOJURXSPHPEHUV
KDYHWRILQGRWKHUVHDWVVRPHGLVWDQFHDZD\IURPWKHLUIULHQGV7KHGHVLUDELOLW\RIDVHDWLVFDOFXODWHGDV
ܷ ൌ
௨೏ା௨೑௨೒ା௨೚
ଷ
   
 ݑௗ ൌ
ଷ଺Ǥ଺
ௗ
  
ݑ௚ ൌ ൜
ͳ݂݅ݏ݅ݐݐ݅݊݃ݓ݅ݐ݄݉ܽ݅݊݃ݎ݋ݑ݌
ͲǤͷ݂݅ݏ݁݌݁ݎܽݐ݁݀݂ݎ݋݉݉ܽ݅݊݃ݎ݋ݑ݌  
ݑ௢ ൌ ൜
ͳ݂݅ݒ݅݁ݓ݅ݏݑ݊݋ܾݏݐݎݑܿݐ݁݀
Ͳ݂݅ݒ݅݁ݓ݅ݏ݋ܾݏݐݎݑܿݐ݁݀  
ZKHUH݀LVWKHGLVWDQFHWRWKHFHQWHURIWKHVWDJHDQGWKHuf WHUPLVGHWHUPLQHGIURPDFXVWRPHU¶VQHDUHVWQHLJKERUV
DFFRUGLQJWR7DEOH
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7DEOHufVHOHFWLRQWDEOH
7RWDOIULHQGQHLJKERUV 7RWDOVWUDQJHUQHLJKERUV ݑ௙
  
  
  

,WFDQEHVHHQWKDWDJHQWVFKRRVHZKHUHWRVLWEDVHGRQWKHGHVLUDELOLW\RIWKHDYDLODEOHVHDWVDQGWKHGHVLUDELOLW\RI
WKH UHPDLQLQJ VHDWV LQ WXUQGHSHQGV RQZKHUH WKH DJHQWVKDYH FKRVHQ WR VLW7KLV IHHGEDFN ORRSEHWZHHQ V\VWHP
SHUIRUPDQFHDQGXVHUSUHIHUHQFHLVFRPPRQLQFRPSOH[V\VWHPV
$VWDWLFDQDO\VLVRIWKHSUREOHPVKRZVWKDWWKHVLGHDLVOHOD\RXWLVWKHFOHDUIDYRULWHEHFDXVHLWSURYLGHVWKHPRVW
XQREVWUXFWHGVHDWLQJDQGWKHPRVWVHDWLQJQHDUWKHFHQWHUOLQHRIWKHVWDJH$G\QDPLFDQDO\VLVRIWKHSUREOHPZLWK
FXVWRPHUVPRGHOHGDVDJHQWVKRZHYHU LQGLFDWHV WKDW WKHPLGGOHDLVOH OD\RXWPD\EHSUHIHUDEOH LQFHUWDLQXQLTXH
FLUFXPVWDQFHV7KHWRWDOGHVLUDELOLW\RIDFRQILJXUDWLRQGHSHQGVQRWRQO\RQWKHSK\VLFDODUUDQJHPHQWRIVHDWVEXW
DOVRRQERWKWKHVL]HVRIJURXSVRIFXVWRPHUVDQGWKHRUGHULQZKLFKWKH\HQWHUWKHYHQXH)RURXUDJHQWEDVHGDQDO\VLV
JURXSVRIIULHQGVZHUHUDQGRPO\FUHDWHGDQGDOORZHGWRFKRRVHVHDWVXQWLORIWKHVHDWVZHUHILOOHG7KH
ILWQHVVRIHDFKVLPXODWLRQZDVWDNHQWREHWKHVXPRIWKHGHVLUDELOLW\RIHYHU\RFFXSLHGVHDWVLPXODWLRQVZHUHUXQ
IRUHDFKOD\RXWRSWLRQ7KHILWQHVVIUHTXHQFLHVIRUHDFKRSWLRQDUHJLYHQLQ)LJXUH

)LJXUH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